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(54) Silver halide photographic light-sensitive material 

(57) A silver halide photographic light-sensitive 
material is disclosed, comprising a polyester support 
having on one side thereof a silver halide emulsion 
layer, and on the other side of the support, a layer con- 
taining a polyester resin or polyurethane resin and fur- 
ther thereon a magnetic recording layer. 
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Description 

Field of the Invention 

s This invention relates to a silver halide photographic light-sensitive material comprising a magnetic recording layer 
with excellent adhesive property and scratch-resistance. 

Background of the Invention 

w Heretofore, information on a date of picture-taking, a diaphragm opening and an exposure time have been input 
optically, when a picture has been taken on a silver halide photographic light-sensitive material (hereinafter also 
referred simply to as a light-sensitive material). In contrast to the above, there have been such a proposal as described 
in U.S. Patent Nos. 3,782,947, 4,279,945 and 4,302,523 for providing a transparent magnetic recording layer on the 
back side of a light-sensitive material so as to input the light-sensitive material, for example, a variety of information 

is including for example, the kind, production lot number, the manufacturer's name and the emulsion number each of the 
light-sensitive material used, a variety of information on a picture-taking such as the date of picture-taking, the weather 
conditions, a diaphragm opening, an exposure time, a lighting condition, the kind of filter used and the size of a picture- 
taking frame, and the number of prints required, a trimming size, a message and the developing and printing require- 
ments. 

20 However, there have been such a trouble that a magnetic record is transferred to a printed image if the magnetic 
recording layer is damaged when transporting a light-sensitive material or when tracing the magnetic layer with a mag- 
netic head, or that an error is produced when a magnetic information is played back. Therefore, a magnetic recording 
layer is to have such a property as is hard to be scratched. For this purpose, a magnetic recording layer has been 
formed by dissolving a non-aqueous type thermoplastic resin typified by a cellulose ester in an organic solvent and dis- 

25 persing magnetic powder therein, and then by coating the resulting dispersion on a light-sensitive material, as 
described in Japanese Patent Publication Open to Public Inspection (hereinafter referred to as JP OPI Publication) No. 
6-59357(1994). 

For achieving the miniaturization of a camera size, on the other hand, there has been such a proposal for a means 
for thinning the thickness of a support that various kinds of polyester films having an excellent mechanical strength are 
30 used in place of a triacetate film support (hereinafter referred sometimes as to a TAC film) that has so far been used in 
a roll film. 

When making use of a polyester film as a support for a light-sensitive material, a sublayer is usually provided. How- 
ever, from the viewpoints of working conditions and that any explosion-proof arrangement is not required, a aqueous- 
soluble or aqueous-dispersible resin has been used. 
35 However, when a magnetic recording layer has an unsatisfactory adhesion to a hydrophilic sublayer because the 
magnetic recording layer comprises a non-aqueous type resin, it has had such a defect that a peeled-off portion may 
be produced in a development process or that the back-side layer thereof may be peeled off when the light-sensitive 
material is transported or when the magnetic recording layer is traced by a magnetic head. 

40 Summary of the Invention 

This invention has been invented in consideration of the above-mentioned circumstances. It is therefore, an object 
of the invention to provide a silver halide photographic tight-sensitive material comprising a magnetic recording layer 
having excellent scratch resistance, adhesive property and magnetic characteristics. 
45 The above-mentioned objects of the invention can be achieved with a silver halide photographic light-sensitive 
material comprising a polyester support having a light-sensitive silver halide emulsion layer on one side thereof and a 
layer containing a aqueous-dispersible polyester resin or polyurethane resin and a magnetic recording layer on the 
other side of the support in this order. 

so Brief Description of the Drawing 

Fig. 1 

A perspective view of a schematically illustrated tester that is used for measuring the perforation strength of a light- 
55 sensitive material of the invention, wherein 

1 Sprocket section, 

2 Film-end, 

3 End of the tester, and 
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4 Film-end 
Detailed description of the Invention 

s in the invention, a polyester resin means a substantially linear aqueous-soluble or aqueous<iispersible polyester 
obtained in a polycondensation of a polybasic acid or the ester-formable derivative thereof and a polyol or the ester- 
formable derivative thereof. 

For making a polyester aqueous-soluble or aqueous-dispersible, there is contained a hydrophilic component such 
as a component having a sulfonate group, a diethylene glycol component and a polyalkylene ether glycol component, 
10 as a copolymerization component. 

The polybasic acid components of the above-mentioned polyesters applicable thereto include, for example, tereph- 
thalic acid, isophthalic acid, phthalic acid, anhydrous phthalic acid, 2,6-naphthalene dicarboxylic acid, 1 ,4-cyclohexane 
dicarboxylic acid, ad i pic acid, sebacic acid, trimellitic acid, pyromellitic acid and dimeric acid. The diol components 
applicable thereto include, for example, ethylene glycol. 1 ,4-butane diol, neopentyl glycol, diethylene glycol, dipropylene 
is glycol, 1 ,6-hexane diol, 1 ,4-cyclohexane dimethanol, xylene glycol, dimethylol propane, poly(ethylene oxide) glycol and 
polytetramethylene oxide. 

In the invention, the preferable hydrophilic copolymerization components include, for example, an aromatic dicar- 
boxylic acid having a sulfonate group. 

The above-mentioned aromatic dicarboxylic acids containing a sulfonate group include, for example, 5-sodiumsul- 
20 foisophthalic acid, 2-sodiumsulfophthalic acid, 4-sodiumsulfophthalic acid and 4-sodiumsulfo-2,6-naphthalene-dicarbo- 
xylic acid. The above-given acids shall not be limited to the sodium salts thereof, but they may include the other cationic 
salts (including, for example, those of potassium, lithium, ammonium or phosphonium.) 

The aromatic dicarboxylic acids having a sulfonate group applicable thereto are preferable to be used in a propor- 
tion within the range of 2 to 20 mol% and, preferably, 5 to 15 mol% of the whole polybasic acid component. 
25 It is also preferable to use a dicarboxylic acid represented by the following formula (A), as the polybasic acid com- 
ponent. 

^OOCCHaPR^nOCHaCOORa Formula (A) 

30 wherein R-) and R 3 represent each a hydrogen atom or an alkyl group having 1 to 8 carbon atoms; R 2 represents 

an alkylene group having 2 to 8 carbon atoms; and n is a positive integer of 1 to 100. 

In the carboxylic acids represented by the above-given Formula (A), -(OR2) n - represents preferably a polyethylene 
oxy group, polytrimethylene oxy group or polytetramethylene oxy group. 

A variety of processes may be used for synthesizing a aqueous-soluble or aqueous<iispersible polyester relating 

35 to the invention. For example, they may be prepared in a transesterif ication process, or the following well-known proc- 
ess, wherein an initial condensate of dicarboxylic acid and glycol is formed in a direct esterification process and the 
resulting condensate is melt-polymerized. To be more concrete, the processes include, for example, a process in which 
a dicarboxylic acid ester such as dimethyl ester of dicarboxylic acid and glycol are subjected to a trans-esterrfication 
reaction so as to distill methanol and, the pressure is then gradually reduced and a polycondensation is carried out in 

40 a high vacuum; another process in which dicarboxylic acid and glycol are subjected to an esterification reaction and 
water produced therein is distilled and, the pressure is then gradually reduced and a polycondensation is carried out in 
a high vacuum; and a further process in which a dicarboxylic acid ester and glycol are subjected to a trans-esterrfication 
reaction and dicarboxylic acid is further added thereto so as to carry out an esterification reaction and, a polyconden- 
sation is carried out in a high vacuum. 

45 As for the trans-esterification catalysts and the polycondensation catalysts, any one having been well-known may 
be used. The trans-esterrfication catalysts applicable thereto include, for example, manganese acetate, calcium acetate 
and zinc acetate. The polycondensation catalysts applicable thereto include, for example, antimony trioxide, germa- 
nium oxide, tin dibutyl oxide and titanium tetrabutoxide. However, the various requirements such as the polymerization 
processes and catalysts uses therein shall not be limited to the above-given examples. 

so Polyester relating to the invention may be either a copolymer or a composition each having a vinyl type polymer as 
the constitutional element thereof. These copolymers or compositions may be prepared by polymerizing vinyl type mon- 
omers in the presence of a aqueous-soluble or aqueous-dispersible polyester and, for example, by polymerizing vinyl 
type monomers upon dissolving or dispersing the vinyl type monomers in an organic solvent solution of a aqueous-sol- 
uble or aqueous-dispersible polyester or the aqueous solution thereof. 

55 In the invention and when synthesizing the above-mentioned aqueous-soluble or aqueous-dispersible polyester, it 
is also allowed that an addition-polymerizable group such as a carboxylic acid group, a glycidyl group or an amino group 
is introduced in advance thereinto so that a branch polymer may be formed to the addition-polymerizable group by 
polymerizing the vinyl type monomers in the presence of a polyester. 
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It is not preferable to use an organic solvent for polymerizing the vinyl type monomers in the presence of a polyes- 
ter because the processing arrangements may be complicated and the working environment may also be polluted. 
FromS^ 

add vinyl type monomers in a polyester matrix so that they may be subjected to an emulsion-polymerization or a sus- 
pension-polymerization. . 

For polymerizing vinyl type monomers, a polymerization initiator is used. The polymerization gators applicable 
thereto include, for example ammonium persulfate, potassium persulfate. sodium persulfate and benzoyl perox.de. 
Amonq them, ammonium persulfate is preferred. 

In the matrix of the aqueous-soluble or aqueous-dispersible polyester, the v,nyl type monomers may be polymer- 
ized wising any surfactant. However, it is also allowed to use a surfactant as an emulsifier for the purpose of 
Z££i X I poTymerization stability. When this is the case, any ordinary nonionic or anionic type surfactants may 

eith men U niking a graft-polymerization of vinyl type monomers to a aqueous-soluble or aqueous-dispersible polyes- 
ter agral Smer IpHng the branch polymer to the trunk polymer is formed and at the same time the polymerof 
iTnyfCmSers is also formed. However, the vinyl type polymer formed thereby is allowed to ~"r = ^ 
Fir obtaining a copolymer having a aqueous-soluble or aqueous-dispersible polyester and a v,nyl type polymer as 
the constitutional elements, it is advisable to use the vinyl type monomer^ so as to b *^"^°^"™^ 
(polyester)/(vinyl type monomer) of. preferably, 99/1 to 5195, more preferably, 97/3 to 50/50 and, ^her 95/5 to 80/20_ 

alkyl meiacrySe (of which the alkyl groups include, for example, methyl group, ethyl group, n-propyl group, .sopropy. 
group n-buty7group. isobutyl group, t-butyl group. 2-ethy.hexyl group, cydohexy. group, phenyl group, benzyl group and 
Kethyl group); a hydroxy group-containing monomer such as 2-hydroxyethyl acrylate. 2-hydroxyethyl methacr- 
yKhydroxyp^opyl acrylate and 2-hydroxypropyl methacrylate; an amido group-contammg , monomer such asacry- 
Se methaaySnide. N-methyl methacrylamide. N-methyl acrylamide, N-methylol methacrylamide, N-metoylo 
SmWe N S-Lethy lol acrylamide. N-methoxymethyl acrylamide. N-methoxymethyl methacrytam.de and N-phenyl 
acSe- an amino group-containing monomer such as N.rWiethylaminoethyl acrylate and N.N-d.ethylaminoethyl 
Saaylaiean^ 

Sn ing Srooxy^group or the salt thereof, such as acrylic acid, methacrylic acid and the saKs thereof (,nc uding a 
Srit a Saium saft and an ammonium salt). The monomers other than those <"^^"»*£ 
example an epoxy group-containing monomer such as allyl glycidyl ether; a monomer containing sulfonic acd group 
o^hTilUhSoTsuch as styrene sulfonic acid group or the salt thereof (such as sodium salt, potassium salt and 
Imon^^ 

™™c acid f umaric acW and the salt thereof (such as sodium salt, potassium salt and ammonium salt the eof) , a mon- 
SmeTconSning an add anhydride such as maleic anhydride and itaconic anhydride; vinyl isocyanate; allyl isocyana e; 

alkylmaleic acid monoester; alkylfumaric acid monoester; acrylon.tr.le; methacrylonitnle; 
Xt rta^nlc ' a<5 mlester; vSylidene chloride; vinyl acetate; and vinyl chloride. The above-g.ven monomers may 
also be used indeoendently or in combination. . 

m?n fester tyje resins relating to the invention are aqueous-dispersible. the part.cle-s.ze hereof* tol be 
not larger than 5 m preferably, not larger than 1 urn and. further preferably, not larger than 0.1 n * 
St of ther^rticles size is not smaller than 1 nm, preferaWy not sma^ 

1 0 nm If the particle-size thereof is too large, not only the thickness of a coated layer cannot be thinned, but also the 

tra X^h^ is referred to as a polymer compound having a urethane bond (car- 

bamic acid ester bond), which can be obtained by the reaction of a polyisocyanate w.th a polyol. 

in the case where either of the polyisocyanate and polyol is di-functional. there can be obtained a linear thermo- 
plastic polyurthane. In the case where at least one of them is tri-functional or chain reaction has occurred, there is 
formed polyurethane having networks. . 

The polyisocyanate includes an aromatic one and aliphatic one including an al.phat.c ring ^""f. 
As examples of the aromatic polyisocyanate, are cited tolylenediisocyanate, dphenylmethaned isocyanate. 
so polymethylenediisocyanate, polymethylenepolyphenylenediisocyanate, tolydinediisocyanate and naphthalenednsocy- 

^^As examples of the aliphatic polyisocyanate, are cited hexamethylenediisocyanate, isophoronediisocyarrte, xylylen- 
ediisocyanate.dicydohexylmettanediisow^ 

the polyol can be used various kinds of polyols having plural hydroxy! groups, .ncluding mainly a polyether type 
55 oolvol oolvester type polyol and hydrocarbon type polyol. . 

ing ^SSm of ilyoxyproSene with a polyhydric alcohol or polyamine and polyetherpolyol wh.ch can be 
obtained by the polymerization of acrylonitrile or styrene with polyoxypropylenepolyol. 
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As examples of the polyester type polyol, are cited polyadipate plyol which is condansation product from adipinic 
acid and a glycol (e.g., ethylene glycol or butylene glycol) or triol (e.g., trimethylolpropane or glycerin); and polycaprol- 
actonediol which is a ring-opening polymerization product of e-caprolactone. 

As examples of the hydrocarbon type polyol, are cited polybutadiene polyol which has hydroxy groups at the end 
s of butadiene homopolymer or its copolymer with acrylonirile or styrene and polyacrylate polyol which is a copolymer of 
an acrylic acid ester and hydroxyethylmethaacrylate. 

In order to shorten the manufacturing process of the polyurethane. there can be used a catalyst which accelerates 
the reaction of isocyanate with polyol. As examples of the catalyst are cited tin octylate, dibutyltin dilaurate and lead 
actylate. 

10 The polyurethane resin used in the present invention is aqueous-dispersible. 
As a method for making the resin aqueous-dispersible, there are cited, 

(a) a method in which, immediately after an urethane prepolymer having terminal isocyanate groups is forced to be 
emulsified by strongly stirring, the prepolymer is further polymerized with a polyamine; 
is (b) a method in which the resin itself is made water-dispersible by introducing a carboxyl group, sutfon group or ter- 
tiary amino group into the polyurethane and ionizing the group; 

(c) a method in which isocyanate groups are blocked with sodium bisufrte and the resuting adduct is emulsified; and 

(d) a method in which the polyurethane is dissolved in an organic solvent solution and the resulting solution is dis- 
persed in water containing an emulsifying agent, and if necessary, the solvent may be removed. 

20 

In the present invention, an average particle size of the polyurethane dispersed in water is 5 urn or less, preferably 
1 \im , more preferably 0.5 jim or less and furthermore preferably 0.1 jim. The lower limit thereof is 1 nm or more, pref- 
erably 5 nm or more and more preferably 10 nm or more. 

In the case when the partid size is larger, it is not only impossible to make a coating layer thin but also it causes to 
25 deterirate transparency of the coating layer. 

To a layer containing an aqueous-dispersible polyester resin or polyurethane resin relating to the invention, it is 
allowed to add other binder, a cross-linking agent, a matting agent, an antiblocking agent and an antistatic agent, pro- 
vided that the effects of the invention cannot be spoiled. 

The matting agents include, without any special limitation, for example, inorganic compound particles such as 
30 those of silicon dioxide, titanium dioxide and aluminum oxide and high molecular compounds having a glass-transition 
point of not lower than 50°C such as polystyrene and polymethyl methacrylate. 

Next, the antistatic agents preferably applicable to the invention include without special limitation, for example, a 
conductive polymer and a metal oxide. 

There is no special limitation to the conductive polymers, and any one of those of the anionic, cationic, amphoteric 
35 or nonionic type may be used for. Among them, those of the anionic and cationic types are preferred. More preferable 
polymers or latexes for the anionic type include, for example, those of the sulfonic acid type and the carboxylic acid type, 
and more preferable ones for the cationic type include, for example, those of the tertiary amine type and quaternary 
ammonium type. These conductive polymers include, for example, the anionic polymers or latexes given in JP Exam- 
ined Publication Nos. 52-25251/1977 and 60-48024/1985 and JP OPI Publication No. 51-29923/1976, and the cationic 
40 type polymers or latexes given in JP Examined Publication Nos. 57-18176/1982, 57-56059/1982 and 58-56856/1983, 
U.S. Patent No. 4,1 18,231 and so forth. 

Some concrete examples of the above-mentioned conductive polymers or latexes will be given below. However, 
there is not limited thereto. 

45 P-1 
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55 

Number-average molecular weight 150,000 
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-f CH2-9H ) x ( CH 2 -CH-f7-f CH 2 -CH-h- 

COOCH3 




SO3K 



(Latex) 

x:y:z = 25:60:15 



COONa 

COONa COOCH 2 CH 2 OH 



x:y = 70:30 

Number-average molecular weight 45,000 



COOH 

I 

-t CH 2 -CH ) x ( CH-CjTH-hr 

COOH 




SO3NH4 



x:y = 50:50 

Number-average molecular weight 5,000 



6 



P-5 



EP 0 723 189 A1 



COOH 



■i- CH 2 -CH-hr-*- CH-(j:H-hr 

COOH 
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S0 3 Na 



15 



x:y = 75:25 

Number-average molecular weight 5,000 
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Number-average molecular weight 60,000 
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CH 2 S0 3 K 



Number-average molecular weight 30,000 



45 P-8 



50 



CH 2 -CH ) 80 ( CH 2 -CH-*2ff 





CH 2 S0 3 Na 



55 



Number-average molecular weight 10,000 
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Number-average olecular weight 20,000 
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(Latex) 
x:y = 30:70 



P-11 




V" CH 2 -N^X^N- CH 2 -j 
2C1" 



Number-average molecular weight 10,000 
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Number-average molecular weight 30,000 
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n^r^ = 60:40 

Number-average molecular weight 40,000 
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Number-average molecular weight 10,000 



EP 0 723 189 A1 



These conductive polymers may be used independently. However, it is preferable to use them with other binders 
in combination and then to be coated on. It is further allowed to use a hardening agent together with the above-men- 
tioned binders, n . „ 
The contents of the conductive polymer is to be within the range of. preferably. 0.005 to 5 g/m 2 . more preferably. 

0 01 to 3 o/m 2 and. further preferably, 0.02 to 1 g/m 2 . 

' When making combination use of a binder, the proportion by weight of the subject conductive ! polymer or latex to 
the blnde" is to be within the ratio of. preferably. 99:1 to 10:90. more preferably. 80:20 to 20:80 and, particularly. 70:30 

t0 3 °The examples of the metal oxides include, preferably, an excess-oxygen oxide such as NbgO^n oxygen-defi- 
eiencv oxide such as Rh0 2 , and lr 2 0 3 . x or a non-stoichiometric oxide such as Ni(OH) x and Hf0 2 , Th0 2 . Zr0 2 , Ce0 2 , 
SFnSTaX SoJfe,. *l Ax BaO. Mo0 2 and V 2 0 5 or the composite oxWes thereof. Among Jem Zn£ 
TioJ and SnO, are particularly preferred. As for the examples of those containing a foreign atom, rt is effective to add 
™n and so forth to ZnO. Mb. Ta and so forth to Ti0 2 and Sb. Nb. a halogen element and so forth to Sn0 2 . The pro- 
portion of adding these foreign atoms is to be within the range of. preferably, 0.01 mol% to 25 mol% and, partcularly. 

°' 1 ThJe isno^Sal limitation to the particle sizes of the above-mentioned metal oxides. However the primary |*r- 
ticle sizes thereofis, preferably, not larger than 10n. more preferably, not larger than 5 Rand, partcularly. notlargerthan 

1 ^ When determining the particle size thereof, it is preferable to adopt an average particle size obtained from the 
measurement made in a precipitation method, a laser^iiffraction method or the like with the use of a partjcle-s.ze meter. 
It is also allowed to determine a particle size through an electron micrography. When making use of an electron microg- 
raphy, however, the measurement is to be made in terms of a high-order structure unit if a high-order structure is formed 

in ^TnJre is nTs^ecial limitation to the amount of metal oxide articles to be added to a binder^ 
added in a proportion of. preferably, not more than 50 vol%. more preferably, not more than 40 vol% and. further, not 

^ The^ourtd a metal oxide may be used in an amount within the range of 0.00005 to 1 g per m 2 of a photographic 

^S^,!^"!^ with a conducts polymer and metal oxide particles include, for example protein such 
as gelatin colloidal albumin and casein; a cellulose compound such as carboxymethyl cellulose, hy*oxyethyl cellulose, 
diacetyl cellulose and triacetyl cellulose: a sugar derivative such as agar-agar sodium alginate and «*^"«»« 
a synThetic hydrophilic colloid such as polyvinyl alcohol, poly-N-vinyl pyrroHdone. a polyacrylic aad "j^ 
poljcrylamide or the derivatives and copolymers thereof; natural matters such as ros-n. and shellac or the ; derives 
hereof and many other synthetic resins. Besides the above, it is also allowed to use an aqueous emulsion such as 
M of a irene butadiene copolymer, pdyacrylic acW, a polyacrylic ester and the derivatives thereof, polyvinyl ace- 
tate a vinyl acetate-acrylic acid ester copolymer, polyolef in and an olef in-vinyl acetate copolymer. 

T^e Volume resistibility of these metal oxide particles is to be not higher than 10 10 Qcm, preferably, not higher than 
10 7 £icmand. particularly, not higher than 10 5 Qcm. 

A volume resistibility value means the volume resistibility of a single crystal in the case of an ox.de from wh.ch a 
relatively larger single crystal can be obtained, and it means the volume ™sistibi% of a sintered body preyed of ^ 
in\ powder Fn the Le where any relatively larger single crystal cannot be obtained If the value .s unsown the e 
adopts a value obtained by dividing, by 10 2 , the volume resistibility of a molded material prepared by applying a certa n 
constant pressure in the powdered state. There is no special limrtation to a certain constarf [pressure but the pressure 
45 is applied to be, preferably, not lower than 10 kg/m 2 and. more preferably, not lower than 100 kgM and there adopts 
a value obtained by dividing, by 1 0 2 . the volume resistibility of a material molded by applying the above-mentioned pres- 
sure. Generally, when a pressure is applied higher to a powdered material, the volume, resistibilr* of the «™>Wed fe- 
rial is inclined to be lowered. However, even when an isotropic pressure of 3 t/cm 2 .s applied from a hydro^atic 
pressurizer. any value lower than a volume resistibility value obtained from a single crystal cannrt be obtained but the 
50 Se becomes about 100 times higher. Therefore, a value obtained by dividing, by 10 2 . the volume resistivity of a 
molded material prepared by applying a certain constant pressure in the powdered state. 

The above-mentioned antistatic agent may be made present in at least one of the component layers of a light-sen- 
sitive material, for example, a sublayer on the back side or the back side layer of the light-sensitive > mate"aL 

Further, these antistatic agent may also be mixed with a aqueous-soluble o^queous-djspersitt e P°'^r re^ of 
55 the invention. If this is the case and when an antistatic agent is mixed in a proportion of not more than 50 vol% and pref- 
erably not more than 30 vol% of the subject polyester resin, the effect of the invention can be enjoyed without spoiling 
the adhesive property thereof to a magnetic recording layer adjacent thereto. 
Now, the magnetic recording layer will be detailed. 
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The magnetic fine powder applicable to a magnetic recording layer of the invention include, for example, a magnetic 
metal powder, a magnetic iron oxide powder, a magnetic Co-doped iron oxide powder, a magnetic chromium dioxide 
powder and magnetic barium ferrite powder. The preparation processes of these magnetic powder have already been 
known. The magnetic powder applicable to the invention can also be prepared in any known processes. 

5 There is no special limitation to the forms and sizes of magnetic powder, so that the wide range thereof can be 
used. The forms thereof may be any one of a needle form, rice grain form, globular form, cubic form and tabular form. 
Among the forms, the needle forms and the tabular forms are preferable from the viewpoint of electromagnetic 
transconductance characteristics. There is no special limitation to a crystallite size and a specific surface area. TTie 
magnetic powder may also be used even if it is surface-treated. For example, they may be surface-treated with a mate- 

10 rial containing such an element as titanium, silicon or aluminum, and they may also be treated with an organic com- 
pound like an adsorptive compound having a nitrogen-containing heterocyclic ring of carboxylic acid, sulfonic acid, a 
sulfate, phosphonic acid, a phosphate or benzotriazole. There is also no special limitation to the pH of a magnetic pow- 
der, but it is preferable to be within the range of 5 to 10. 

A publication, Television", Vol. 20, No. 2, "Characteristics of a super-fine grained translucent magnetic recording 
15 medium and the application thereof describes that there is a correlation between the sizes of magnetic particles and 
the transparency thereof. In the needle formed powder of r Fe 2 0 3 , for example, the light transmittance thereof can be 
improved when making the particle size thereof smaller. 

U.S. Patent No. 2,950,971 describes that infrared rays can transmit through a magnetic layer comprising magnetic 
iron oxide dispersed in a binder. In U.S. Patent No. 4,279,945. there is the following description. Even in the case where 
20 a magnetic particle density is relatively high in a magnetic layer and when making the particle size smaller, the trans- 
mittance of helium-neon laser beam having a wavelength of 632.8nm can be improved. 

However, when a magnetic recording layer is arranged to the image-forming region of a silver halide color photo- 
graphic light-sensitive material, it is necessary to make the light transmittance higher in not only the red color region, 
but also the green and blue color regions. 
25 For making the light transmittance higher in the red, green and blue color regions, the particle size of magnetic par- 
ticle is to be made smaller and, at the same time, the amount of the magnetic particles to be coated is also limited. 

If making a magnetic particle size smaller than a certain degree, the necessary magnetic characteristics cannot be 
obtained. It is, therefore, preferable to make the magnetic particle size smaller within the scope where the necessary 
magnetic characteristics can be obtained. If an amount of magnetic particles to be coated is made smaller then a cer- 
30 tain degree, the necessary magnetic characteristics cannot also be obtained. It is, therefore, preferable to make the 
magnetic particle size smaller within the scope where the necessary magnetic characteristics can be obtained. 

For practical use, an amount of the magnetic particles to be coated is to be within the range of 0.001 to 3 g/m 2 and, 
preferably, 0.01 to 1 g/m 2 . 

The binders applicable to a magnetic recording layer include, for example, a thermoplastic resin, a radiation-hard- 
35 enable resin, thermohardenable resin, other reactive resin and the mixtures thereof, each of which has so far been used 
for a magnetic recording medium. 

The thermoplastic resins are to have a glass transition point Tg within the range of -40°C to 150°C and, preferably, 
60°C to 120°C and to have a weight average molecular weight within the range of, preferably, 10,000 to 300,000 and, 
more preferably, 50,000 to 200,000. 
40 In the invention, the binders applicable to a magnetic recording layer are preferable to be comprised principally of 
a cellulose ester. To be more concrete, they include, for example, those of the cellulose acetate type such as cellulose 
diacetate, cellulose acetate butylate, cellulose acetate propionate; cellulose nitrate; cellulose sulfate; and the mixed 
esters thereof. Among them, cellulose diacetate, cellulose acetate butylate and cellulose acetate propionate are pref- 
erable. Further among them, cellulose diacetate is particularly preferable. 
45 The binders may be hardened. The hardeners applicable thereto include, for example, an aldehyde type com- 
pound, a ketone compound, a compound having a reactive halogen, a compound having a reactive olefin, N- 
hydroxymethyl phthaiimide, a N-methylol compound, an isocyanate, an aziridine compound, an acid derivative, an 
epoxy compound, a halogen carboxyaldehyde and an inorganic compound type hardener. 

The hardeners are commonly used in a proportion within the range of 0.01 to 30% by weight of a binder used and, 
so preferably, 0.05 to 20% by weight thereof. 

Magnetic particles are dispersed in a binder by making use of a solvent if required, so that a coating solution may 
be prepared. For dispersing the magnetic particles, a ball-mill, a homomixer, a sand-mill or the like may be used. In this 
case, it is preferable that every magnetic particle is separately dispersed as best as one can. 

When forming an optically transparent magnetic recording layer, the binder is to be used in a proportion within the 
55 range of, preferably. 1 to 20 parts by weight to a part by weight of magnetic powder and, more preferably, 2 to 1 5 parts 
by weight thereto. The solvent is to be used in such an amount that a coating can readily be performed. 

The thickness of a magnetic recording layer is to be within the range of, preferably, 0.1 to 10 jim, more preferably, 
0.2 to 5 \itr\ and, further preferably, 0.5 to 3 jim. 
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For providing a magnetic recording layer with the improved function of lubricity, static protection, adhesion protec- 
tion and friction & abrasion protection, a variety of additives such as a lubricant and an antistatic agent may be added 
to a coating solution for forming a magnetic recording layer. Besides the above, the coating solution may also be added 
by for example, a plasticizer for providing a magnetic recording layer with flexibility, a d.spersant for assisting the dis- 
persion of magnetic material in the coating solution, and an abrasive for protecting a magnetic head from be.ng 
clogged. 

If required it is also allowed that a protective layer is arranged to the outermost layer adjacent to a magnetic record- 
ing layer so that the scratch resistance can be improved. For providing the scratch resistance thereto . a o™«^ J™' 
2 generally been known as a lubricant maybe used, and the lubricants include preferably a higher ahphatic acid ester 
When magnetic recording layers are arranged stripewise. it is allowed that a transparent polymer layer not containing 
Ty magnetic materia, is arranged onto the magnetic layers, so that steps produced by the magnetic >n^vn 
can be eliminated. In this case, it is also allowed to provide the above-mentioned functions to the trans parent polymer 
layer. 

Now a polyester support relating to the invention will be detailed. 

A support of the invention is of a polyester mainly comprising a dicarboxylic acid component and a diol component. 
The dicarboxylic acid component that is a main constitutional component of the above-mentioned support include, 
for example, terephthalic acid, isophthalic acid, phthalic acid, 2.6-naphthalene dicarboxylic aci d 2 - 7 -^™™ d> ™. 
boxylicTcid, diphenylsulfone dicarboxylic acid, diphenylether dicarboxylic acid, diphenylethane d carboxylic aad. 
cyclohexane dicarboxylic acid, diphenyl dicarboxylic acid, diphenylthioether dicarboxylic acid, diphenylketone dicarbo- 
20 xjc acid and phenyl dicarboxylic ac id. The diol component include, for example, ethylene glycol pqM 
% Ttettamethylene glycol, cyclohexane dimethanol. a.aWhydroxyphenyDpropane. 2 2-b, S (4-hydroxyethoxy 
phenyOpropane. bis(4-hydroxy phenyl)suHone. bisphenol fluorene dihydroxyethyl ether, diethylene glycol, neopentyl 
alvcol hydroquinone and cyclohexane diol. Among the polyesters mainly comprising the above-given components as 
the pri'ncipalconstitutional components and from the view points of transparency, mechanical strength and dimensional 
stability terephthalic acid and/or 2,6-naphthalene dicarboxylic acid are preferable for the dicarboxyhc aad (xxr.ponents 
£ £ pXe* mainly comprising ethytene glycol and/or 1.4-cyc.ohexane dimefrano. are preferable for the diol 
components Among them, it is more preferable to use a polyester compnsmg polyethylene terephthalate and tereph- 
STacka polyeL conprising 2,6-naphtha.ene dicarboxylic acid and ethylene glycol and a Popster P = pa.hr 
comprising a Sure of two or more kinds of these polyesters. When an ethylene terephthalate un, and/or an ££ne- 
2 6-naprrthalate unit are contained in a proportion of not less than70%by weigW of the subject polyester, a film havmg 
superbly excellent transparency, mechanical strength, dimensional stability and so forth can be ^ ned . 

Provided that the effects of the invention cannot be spoiled, a polyester constituting a polyester film relating to the 
invention may further be copolymerized with the other copolymer components and may still further be mixed with the 
ST SyesTers. The exampTesthereof may include the foregoing dicarboxylic acid components, d.ol components or 

duction of the so-called light-piping phenomenon. The dyestuffs to be compounded for the above-mentioned purpose 
shTnol speedy be ,i m i,i to L kinds thereof. However, as it is necessary for the d^^^ 
resistance from the viewpoint of manufacture, therefore, they may include those of the anth 
perylene type. As for the color tone, a dye in gray is preferable, as seen in the ordinary photographic light-sens.tive 

^There is no special limitation to the thickness of a polyester film of the invention. However, the thickness thereof is 
to be within the range of, preferably, 20 to 1 25 urn and. particularly. 40 to 90 jim. 

It t preferable that a polyester film of the invention has a haze of not more than 3% and rt is more preferable to be 
not more than 1%. When the haze thereof is more than 3%. an image printed on a photographic printing paper is blurred 
to be fazzy The above-mentioned haze is measured in accordance with ASTM-D1003-52. 

The glass transition point Tg of a polyester film of the invention is to be. preferably, not '^er than 60'C anymore 
preferably, within the range of not lower than 70'C to not higher than 1 50°C. Such a Tg can be obtained by measuring 
through a differential scanning calorimeter. When a Tg is within the above-specified range, the subject Mm is not 
so deemed in a drying process carried out through a development processor, so that a light-sensitive materia. hav,ng a 
little core set cur. can be obtained after completing a development process. mBnar . iai 
Next, the preparation process of a polyester film of the invention will now be detailed. However, there is no special 

'^eCceSes for preparing an unstretched sheet and for uniaxially stretching the sheet in the longitudinal direc- 
55 tion « £££Ld in' any presses having so far been known. For example, an unstretched sheet can be pwpjwjd 
n the following manner. A raw polyester material is molded to be in the pellet shape. The resulting pellete arehot-air or 
lacuu^^ 

ing sheet is brought into close contact with a cooling drum in an electrostaticty application method or the hte so as to 
be ioled and solidified and thereby the unstretched sheet can be prepared. Next, the resulting unstretched sheet is 
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heated at a temperature within the scope of Tg of the polyester to the Tg+100°C through plural rolls and/or an infrared 
heater and so forth, so that the heated sheet is single- or multi-step stretched in the longitudinal direction. It is neces- 
sary that the stretching ratio thereof is to be limited usually within the range of 2.5 times to 6 times, that is the range in 
which the consecutive lateral stretching can be done. 

s The resulting polyester film having been uniaxially stretched in the longitudinal direction is stretched in the lateral 
direction at a temperature within the range of Tg - Tm (i.e., a melting point) and is then heatedly fixed. The laterally 
stretching ratio is usually within the range of 3 to 6 times. Upon measuring the physical property of the resulting biaxially 
stretched film, the ratio of the longitudinal stretching to the lateral stretching is suitably adjusted so as to have the pref- 
erable characteristics. It is generally preferable to keep the balance between the widthwise direction and the lengthwise 

10 direction. However, it is also allowed to vary it so as to meet the purpose of the application. In this case, it is preferable 
to laterally stretch the film while gradually raising the temperature difference to be within the range of 1 to 50°C between 
two or more divided stretching areas, because the distribution of the property in the widthwise direction can be reduced. 
In addition to the above, it is also preferable to keep the film for 0.01 to 5 minutes at a temperature within the range of 
not higher than the final laterally stretching temperature to not lower than a temperature of Tg-40°C, because the dis- 

is tribution of the property in the widthwise direction can further be reduced. 

The heat fixing is carried out at a temperature within the range of a temperature higher than the final lateral stretch- 
ing temperature to a temperature not higher than Tm-20°C, for a period of time within the range of usually 0.5 to 300 
seconds. At this time, it is preferable to carry out the heat fixing while gradually raising the temperature difference 
between two or more divided areas to be within the range of 1 to 100°C. 

20 The resulting heatedly fixed film is usually cooled down to a temperature not higher than Tg. The portions clipped 
on both ends of the film are cut off and the film is then wound up. At this time, it is preferable to loosen the film tension 
by 0. 1 to 1 0% in the widthwise and/or lengthwise direction at a temperature within the range of not higher than the final 
heat fixing temperature to a temperature not lower than Tg. It is also preferable to gradually cool down the heat fixed 
film at a rate of not higher than 100°C per second from the final heat fixing temperature to Tg. 

25 The optimum conditions of the above-mentioned heat fixing, cooling and loosening conditions are varied according 
to various polyester constituting a film. Therefore, the optimum conditions may be determined by measuring the physi- 
cal property of the resulting biaxially stretched film and then by suitably adjusting the property thereof so as to have the 
preferable property. 

A polyester film is treated in various methods for reducing the core set curl thereof. As described in JP OPI Publi- 

30 cation No. 51-16358/1976, for example, there is a method for heat treating a polyester film at a temperature lowered by 
30°C to 5°C from the glass transition point Tg. On the other hand, JP OPI Publication No. 1-131550/1989 described the 
following method; in a consecutive biaxial stretching process, a temperature gradient is provided to the two sides of a 
film between the longitudinal and lateral stretching so as to produce the differences of the crystallinity and orientation 
of the subject film and thereby a permanent core set curl is produced. There are some known methods, namely, a 

35 method in which a film is wound up reversely to the aged curling produced in storage as the final product so as to cancel 
each other; and another method in which a polyester film, that is so prepared as to have a temperature difference when 
it is stretched, is heat treated at a temperature within the range of not higher than the glass transition point thereof to 
not lower than 50°C. The supports effectively produced in a heat treatment so as to hardly produce a core set curl 
include, for example, a polyester having a glass transition point within the range of not lower than 90°C to not higher 

40 than 200°C. This is because the effects of the heat treatment is lost when a film is exposed to a temperature exceeding 
the glass transition point thereof, it is, thereby, necessary to have a glass transition point of not lower than 90°C as a 
criterion of the highest temperature (there may also be some instances where a temperature exceeds 80°C in an auto- 
mobile in summer) exposed to a common user when he uses a film. There has not been any transparent polyester film 
for general use and having a glass transition point exceeding 200°C. The particularly preferable polyester like the above 

45 include, for example, polyethylene naphthalate and the copolymers or compositions made of polyethylene naphthalate 
as the raw material thereof. These supports are preferable to be used upon making a biaxial stretching and then heat 
fixing treatments, if required, it is also allowed to heat loosen the supports. 

In this case, the heat treatment is to be carried out at a temperature within the range of not lower than 50°C to not 
higher than the glass transition point of the subject film for a period of time within the range of not shorter than 0. 1 hours 

so to not longer than 1500 hours. Among the heat treatments, the particularly preferable treatment is to be carried out at 
a Tg of about 120°C in the case of making use of polyethylene naphthalate. Therefore, the heat treatment is to be car- 
ried out, preferably, at a temperature of not higher than 1 19°C for a period of time within the range of 0.2 to 72 hours 
and, more preferably, at a temperature of not higher than 1 19°C for a period of time of the order of 24 hours. In partic- 
ular, for making a heat treatment within a short time, it is preferable and extremely effective to raise a temperature over 

55 the Tg once and to gradually cool down around the temperature of Tg. As one of the examples in the case of polyeth- 
ylene naphthalate, a heat treatment time can remarkably be shortened by keeping the temperature between not lower 
than 1 30°C and 200°C once, then by cooling down to 1 25°C and, finally, by gradually cooling down to 1 00°C for 40 min- 
utes. When the resulting beat treated support is measured through a differential thermal analyzer, the endothermic 
peak is produced in the vicinity of Tg. The higher the endothermic peak is. the harder the core set curling behavior is 
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produced. The heat treatment is to be carried out so as to be. preferably, not less than 100 mcal/g and. further prefer- 
ably, not more than 200 mcal/g. 

To a polyester support of the invention, a sublayer is applicable as an adhesive layer between the support and a 
silver halUe emulsion layer, or a hydrophilic colloidal layer and a backside layer. There is no '^S^S^ 
backside layer but they include, for example, an acryl type copolymer such as those given in JP OPI Publ.cat.on Nos. 
59-19941/1984 and 59-77439/1984. a copolymer of a diolefin monomer and a vinyl monomer such as those grven in 
JP OPI Publication No 57-128332/1982 and a vinylidene chloride copolymer such as those given in JP Examined Pub- 
lication No 43-3976/1968 and JP OPI Publication Nos. 64-538/1989 and 3-137637/1991. 

These sublayers are also allowed to contain one or more kinds of various additives including, for example, an anti- 
halation agent, a crossover cutting agent, a coloring dye. a pigment, a coating aid. an antrfoggant, an antioxidizmg 
aaent a UV-absorbent. a UV stabilizer, an etching processing agent and a matting agent. 

A oolyester film support relating to the invention has the hydrophobic surface. Therefore, the adhesive property 
thereol Ms usually reinforced not only by applying the above-mentioned sublayer thereto, but also by <anying out various 
surface treatment thereon in advance. Such a surface treatment as mentioned above include, for example, a surface 
acSontreatmemsu* 

ment a glow-discharge treatment, an active plasma treatment and a laser-beam treatment and. bes.des a treatment 
!I which an etching trLment is carried out with a chemical such as resorcine, phenol, alkali, amine, and trichloroacetic 

aCKl Among the surface treatments, a corona^lischarge treatment is the most well-known method. The surface treat- 
ment can be achieved in any methods known, including, for example, ihos«di«^in^E^i^Pi«i«^^ 
4*5043/1973 and 47-51905/1972 and JP OPI Publication Nos. 47-28067/1972. 49-83769/1974, 51-41770/1976. 51- 

131 ItTs^wSnTe discharge frequency thereof is to be within the range of 50 Hz to 5000 kHz and, preferably. 
5 kHz to some hundreds kHz. If the discharge frequency is too low. it is not preferable b^e any stable ^di^e 
cannot be obtained and a pin hole is produced on a treatment subject. If a frequency is too high, it is also not preferable. 
Scaifan Sra device for an impedance matching use is to be required and the cost becomes higher* or^j 
toe wettability of a plastic film comprising an ordinary polyester or polyolefin, the treating strength of a subject to be 
££!^^*mm«QMl rO/.A.min/m2 to 5IW-A.min/m^and.preferabJr, Ml ™-*'<™£» 
1 [ KV " A • min/m 2 The gap clearance between an electrode and a dielectric roll is suitably within the range of 0.5 to 2.5 

m surface treatment is a discharge treatment The foment 

can be performed in any treatment methods known so far including, for example, those described in JP Examined Pub- 

SSnoT3 057STo57 795. 3.179,482, 3.288.638, 3.309,299, 3.424.735. 3.462,335. 3.475.307 and 3.761,299. 
BmS Patent No. 997,093. and JP OPI Publication No. 53-129262/1978. The glow^ischarge treatment condit.ons are 
genemHy suLe to be within the range of 0.005 to 20 Torr and. preferably, 0.02 to 2 Torr. » a pressure . too low, the 
suS treatment effects are deteriorated. If the pressure is too high, it is dangerous because an excess current ,s so 
a EbJIi. to spark, so that a subject to be treated may further be in the danger of being destroyed hereby. 
1SSS£m£mi discharge is produced in a vacuum tank by applying a high votege to one or more gaps be^een 
metal elates or metal bars each arranged with the above-mentioned gaps. The voltage may be on various levels accord- 
Z £to£nV2£ ^pressure of 9 the gas in the atmosphere. However, when it is usually within *e ^bove-specrf.c 
range of th? Pressures, a stable and constant glow-discharge can be produced between 500 and 5000V For improving 
anShS 

venS art a suitable discharge frequency is some thousands MHz from direct current and. preferably, wrth^ *e 
range of 50 Hz to 20 MHz. Because a desired adhesive property can be obtained, a d ^ ha ^ tr ^ a ert J^'J 
suitable to be within the range of 0.01 KV-A-min/m 2 to 5 KV-A-min/m 2 and, preferably. 0.15 KV-A-min/m to 1 

™ *A si^halide emulsion of a light-sensitive material of the invention can be prepared in the processes described in. 
for examole Research Disclosure (RD). No. 17643, pp. 22-23. (Dec.. 1978). "Emulsion preparat.cn and types"; ibid 
SrJ^W^^Ti^ Chemie et Physique Photographique. Paul Montel. 1967; F. Duffin. Photographic 
Emulsion Chemistry. Focal Press, 1966; V.L Zelikman et al. Making and Coating Photographic Emuls.on. Focal Press. 

'^fo^^ellsions, the monodisperse type emulsions described in U.S. Patent Nos. 3.574.628 and 3.665.394 
and British Patent No. 1,413,748 are also preferable. ... wfle 

A silver halide emulsion can be physically ripened, chemically ripened and specially se inataed The add*ves 
applicable to such a processing steps as mentioned above are given «n, for example RD NoJ7643. ibid.. No. 18716 
anS No. 308119 (hereinafter abbreviated to RD17643. RD18716 and RD308119. respectively). 

in the case that a photographic light-sensitive material of the invention is a color photc^raphic light-sensrtve mate- 
ria, he phXSc add Wplicable thereto are also given in the above-mentioned RDs. Besides the above, a 
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variety of couplers may also be used therein. The concrete examples thereof are also given in RD17643 and 
RD308119. 

The above-given additives can be added to a photographic light-sensitive layer in the dispersion methods and the 
like each described also in RD3081 19, p. 1007, Item XIV. 
s To a color photographic light-sensitive material, an auxiliary layer such as the filter layer, an irtterlayer and so forth 
each described in the foregoing RD3081 19, Item Vll-K may be provided. 

When constituting a color photographic light-sensitive material, various layer arrangements such as a regular layer 
arrangement, a reverse layer arrangement and a unit layer structure may be adopted. 

For developing a silver halide photographic tight-sensitive material of the invention, the developing agents having 
w well-known as themselves such as those given in T.H. James, The Theory of The Photographic Process, Forth Edition, 
pp. 291-334, and Journal of the American Chemical Society, Vol. 73, p. 3,100, (1951) may be used. A color photo- 
graphic light-sensitive material can be processed in any ordinary processes described in the foregoing RD17643, pp. 
28-29. RD18716, p. 615 and RD3081 19, XIX. 

75 Examples 

Now, the invention will be detailed with reference to the following examples. However, the embodiments of the 
invention shall not be limited thereto. 

20 Example 1 

Preparation of Support: 

As a transesterrfication catalyst, 0.1 parts by weight of calcium acetate anhydride were added to 100 parts by 

25 weight of dimethyl 2,6-naphthalenedicarboxylate and 60 parts by weight of ethylene glycol, and a transesterrfication 
reaction was carried out in an ordinary method. The resulting product was added by 0.05 parts by weight of antimony 
trioxide and 0.03 parts by weight of trimethyl acetate. Next, the resulting mixture was polymerized under the conditions 
where the temperature was gradually raised and the pressure was reduced at 290°C and 0.05 mmHg, so that polyeth- 
ylene-2,6-naphthalate having an intrinsic viscosity of 0.60 was obtained. 

30 After drying the resulting product in vacuum at 150°C for 8 hours, it was fusedly extruded layeiwise from T-die at 
300°C and the extrusion was brought into close contact with a cooling drum having a temperature of 50°C while apply- 
ing static electricity thereto, so that the extrusion was so cooled down as to be solidified and, thereby an unstretched 
sheet could be prepared. The resulting unstretched sheet was 3.3 times stretched in the longitudinal direction at 135°C 
by means of a roll type longitudinal stretching machine. 

35 By making use of a tainter type lateral stretching machine, the resulting uniaxially stretched film was stretched by 
50% of the whole lateral stretching ratio at 1 45°C in the first stretching zone and then stretched by 3.3 times more than 
the whole lateral stretching ratio at 155°C in the second stretching zone. Next, the resulting stretched film was heat 
treated at 1 00°C for 2 seconds and the first heat fixing zone was further heatedly fixed at 200°C for 5 seconds and the 
second heat fixing zone was heatedly fixed at 240°C for 1 5 seconds. Then, the resulting heatedly fixed film was gradu- 

40 ally cooled down to room temperature by taking 30 seconds while carrying out a 5% lateral loosening treatment, so that 
a 85 iim-thick polyethylene naphthalate film could be prepared. 

The resulting film was wound round a stainless-steel-made core and was then heat treated at 1 1 0°C for 48 hours, 
so that a support could be prepared. 

A 12 W/m 2 /min corona discharge was applied to the both sides of the resulting support. On one side thereof, sub- 

45 layer coating solution B-1 was so coated as to have a dried layer thickness of 0.4 jim. To the resulting coated surface, 
a 12 W/m 2 /min corona discharge was applied, and sublayer coating solution B-2 was so coated as to have a dried layer 
thickness of 0.06 urn. 

On the other side applied with a 1 2 W/n^Anin corona discharge treatment, sublayer coating solution B-3 or B-4 was 
so coated as to have a dried layer thickness of 0.2 urn. Further to the coated side, a 12 W/rr^/min corona discharge was 
so applied, and one of aqueous-dispersible coating solutions R-1 through R-8 and U-1 through U-8 was so coated as to 
have a dried layer thickness of 0.2 \um. As a comparative example, an example was also prepared by no coating made 
on B-3 or B-4. 

After each of the layers was coated, they were dried at 90°C for 10 seconds and then four layers were coated, a 
heat treatment was successively carried out at 1 10°C for 2 minutes. Thereafter, a cooling treatment was carried out at 
55 50°C for 30 seconds. 
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Sublayer Coating Solution B-1 : 



10 



A copolymerized latex solution of 30% by weight of butyl acrylate, 20% 
by weight of t-butyl acrylate, 25% by weight of styrene and 25% by 
weight of 2-hydroxyethyl acrylate (having a solid component: 30%) 

Compound (UL-1) 

Hexamethylene-1.6-bis (ethylene urea) 

Add water to make 
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Sublayer Coating Solution B-2: 



20 



25 



30 



Gelatin 


10g 


Compound (UL-1) 


0.2 g 


Compound (UL-2) 


0.2 g 


Compound (UL-3) 


0.1 g 


Silica particle (having an average particle size of Z\ur\) 


0.1 g 


Add water to make 


1000 ml 



Sublayer Coating Solution B-3: 



35 



40 



45 



A copolymerized latex solution of 40% by weight of butyl acrylate, 20% by weight of 
styrene and 40% by weight of glycidyl acrylate (having a solid component: 30%) 

Compound (UL-1) 

Tin oxide sol, manufactured by Tagi Chemical Co., (having a solid component: 10%) 
Add water to make 



40 g 

0.4 g 
360 g 
1000 ml 



Sublayer Coating Solution B-4: 



50 



55 



Acopolymerized latex solution of 40% by weight of butyl acrylate, 20% bright of 
styrene and 40% by weight of glycidyl acrylate (having a solid component: 30%) 



Compound (UL-1) 
Add water to make 



270 g 

0.6 g 
1000 ml 
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UL-1 



C 9 Hi 9 

C9H19-Y V- 0 (CH 2 CH 2 0) i 2 S0 3 Na 



UL-2 



t-C 8 Hi 7 — \ V" 0 (CH 2 CH 2 0) 5 S0 3 Na 



UL-3 



^CH 2 

CH 2 =CHCON " NCOCH=CH 2 



CH 2 .CH 2 

I 

COCH=CH 2 



Coating Solution R-1 : 

In an ordinary process, there copolymerized the following compounds; 40 mol% of dimethyl terephthalate, 30 mol% 
of dimethyl isophthalate, 1 0 mol% of sodium salt of dimethyl 5-sulfoisophthalate and 20 mol% of 1 , 4-cyclohexane dicar- 
boxylate each as the dicarboxylic acid components of the copolymer, and 70 mol% of ethylene glycol and 30 mol% of 
1 ,4-cyclohexane dicarboxylic acid each as the glycol components thereof. Resulting copolymer A was stirred in hot 
water at 95°C for 3 hours, and the resulting solution was named aqueous dispersion A of 15% by weight. The aqueous 
dispersion A of 1 30 g and compound (UL-1 ) of 0.4 g were mixed together and water was added to dilute it to make 1 000 
ml. 

Coating Solution R-2: 

In an ordinary process, there polymerized 50 mol% of dimethyl terephthalate and 50 mol% of dimethyl isophthalate 
as the dicarboxylic acid components of the copolymer and 50 mol% of ethylene glycol and 50 mol% of diethylene glycol 
as the glycol components thereof. 

The resulting copolymer B was stirred in hot water at 95°C for 3 hours, and the resulting solution was named aque- 
ous dispersion A of 15% by weight. The aqueous dispersion B of 130 g and compound (UL-1) of 0.4 g were mixed 
together and water was added to dilute it to make 1 000 ml. 

Coating Solution R-3: 

In aqueous dispersion A, a solution prepared by mixing 10 mol% of acrylamide, 20 mof% of glycidyl methacrylate, 
60 mor% of styrene and 10 mol% of ethyl acrylate was so used as to be 20% by weight of polyester copolymer A in 
terms of the solid, so that an emulsif ication copolymerization thereof was carried out by making use of ammonium per- 
oxide serving as a polymerization initiator and, thereby aqueous dispersion C of 1 5% by weight of acryl-denatured pol- 
yester copolymer C was prepared. The aqueous dispersion C of 130 g and compound (UL-1) of 0.4 g were mixed 
together and water was added to dilute it to make 1000 ml. 
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Coating Solution R-4: 



in aqueous dispersion B, a solution prepared by mixing 10 mor% of acrylam,de. 15 mol% * 
and 75 mol% of styrene was so used as to be 20% by weight of polyester copolymer B .n terms of the soIkJ so that an 
5 elSication oopSymerization thereof was carried out by making use of ammonium perox.de servmg as a , polymen- 

oaS Se aqueous SrsTon D of 130 g. compound (UL-1) of 0.4 g and 1.0 g of Spherica Sluny 300 haying an 
£ wSle 25/ urn and a solid proportion of 20% by weight^^ 
Co., were mixed together, and water was added to dilute it to make 1000 ml. 

10 

Coating Solution R-5: 

Comoound (UL-1) of 0 4 g and 130 g of a copolymer latex (having a solid proportion of 30% by weight) containing 
10 m^% "aXmWe 20 £*, of glycol methacrylate. 60 mo«% of styrene and 10 mol% of ethy. achate were 
15 mixed together and water was added to dilute it to make 1000 ml. 

Coating Solution R-6: 

Sixtv (60) arams of antimony-doped tin oxide powder. SN-100P manufactured by Ishihara Sangyo Co.. and 267 g 

t^SS^*^ -£« *p rton E of 400 9 and 06 9 of compound (UM) were 09 

and the resulting solution was diluted by adding water to make 1000 ml. 
25 Coating Solution R-7: 

Sixtv (601 orams of antimony-doped tin oxide powder, SN-100P manufactured by Ishihara Sangyo Co 200 g of 

^^^^^^^^^^ 

S^e^^iSiZ^cnFo. 400 8 a n d0.6 9 o. C o nl po l ind(UL.1)w.rem l »ed l o 9 * W andthe,»* 

ing solution was diluted by adding water to make 1000 ml. 

35 Coating Solution R-8: 

Sixtv (60) arams of antimony-doped tin oxide powder, SN-100P manufactured by Ishihara Sangyo Co 40 g of poh 
yesteXSl 2»^^^ by Toyobo Spinning Co., 900 g of methylethyl ketone and 100 g of cyclohexane were 
mixed together, and the resulting mixture was dispersed by a sand-mill. 



40 



Coating Solution U-1 : 

so sion having a solid content of 40%. 
Coating Solution U-2: 

Tn a mixture of 65 oarts by weight of 2,2<iimethy1olpropionic acid, 720 parts by weight of fused polytetramethylene- 
JSTS?OT paSs ^r. ** a<Med twt^rin. oi 25 pa-K ly weigh, and ««er d 895 p» b, 
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weight, and thereto were added diethyttriamine of 20 parts by weight and water of 120 parts by weight. Further, water 
of 530 parts by weight was added and then acetone was removed by distitation to prepare an aqueous dispersion hav- 
ing a solid content of 31%. 

5 Coating Solution U-3: 

There was employed an aqueous-dispersion of polyurethane resin, Takelak XW-76-P15 (solid content; 33%) pro- 
duced by Takeda Yakuhin Kogyo. 

10 Coating Solution U-4: 

There was employed an aqueous-dispersion of polyurethane resin, Takelak W-601 5 (solid content; 30%) produced 
by Takeda Yakuhin Kogyo. 

15 Coating Solution U-5: 

Coating solution U-2 of 1 00 parts by weight was mixed with 50 parts by weight of latex (solid content; 20%) of copol- 
ymer of ethylacrylate, methylmethaacrylate and methaacrylic acid (molar ratio; 45/45/10) to obtain a coating solution U- 
5 (solid content; 27%). 

20 

Coating Solution U-6: 

A latex of copolymer of ethylacrylate, methylmethaacrylate and methaacrylic acid (molar ratio; 45/45/10, solid con- 
tent of 20%). 

25 

Coating Solution U-7: 

60 Parts by weight of powder of antimony-doped tin oxide, SN-100P produced by Ishihara Sangyo was mixed with 
130 parts by weight of the coating solution U-2. Water of 310 parts by weight was added and the mixture was dispersed 
30 with a stirrer and sand-mill to obtain a coating solution U-7. 

Coating Solution U-8: 

There were mixed 60 parts by weight of powder of antimony-doped tin oxide, SN-100P produced by Ishihara 
35 Sangyo, 40 parts by weight of a urethane resin, UR-8200 produced by Toyobo, 500 parts by weight of methyl ethyl 
ketone and 500 parts by weight of toluene. Further, the mixture was dispersed with a disolver and sand-mill to obtain a 
coating solution U-8. 

Next, on the surface coated with an aqueous-dispersion coating solution, either one of the following magnetic 
recording layer coating solutions M-1 through M-5 so as to have a dried layer thickness of 0.8 jim. Further thereon, lubri- 
40 cation layer 0-1 was coated so as to have a dried layer thickness of 0.02 jim. After completing the coating, each of the 
layers was dried at 80°C for 10 seconds and was successively heat-treated at 90°C for 2 minutes. 

Coating Solution M-1: 

45 A mixture of 82 g of diacetyl cellulose, 6.6 g of Co-adhered rFegC^ (having a major axis length of 0.8 jim, 
Fe 2+ /Fe 3+ =0.2 and Hc=600 Oe.), 4 g of a-alumina (having an average particle size of 0.5 jim), 990 g of acetone and 
1 10 g of cyclohexanone was made and it was further mixed well by a dissolver for one hour. Thereafter, the resulting 
mixture was dispersed by a sand-mill for 2 hours so as to prepare a dispersion. 

so Coating Solution M-2: 

This was prepared by making use of nitrocellulose in place of diacetyl cellulose used in coating solution M-1 . 
Coating Solution M-3: 

55 

A mixture of 82 g of a copolymer of butyl acetate and vinyl chloride (having a proportion of butyl acetate/vinyl chlo- 
ride=50/50), 6.6 g of Co-adhered y-Fe 2 0 3 , 4 g of a-alumina (having an average particle size of 0.5 urn), 500 g of meth- 
ylethyl ketone, 400 g of toluene and 100 g of cyclohexanone was made and it was further mixed well by a dissolver for 
one hour. Thereafter, the resulting mixture was dispersed by a sand-mill for 2 hours so as to prepare a dispersion. 
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Coating Solution M-4: 

This was prepared by making use of 82 g of urethane resin, UR-8200 manufactured by Toyobo Spinning Co. in 
place of the butyl acetate/vinyl chloride copolymer used in coating solution M-3. 

5 

Coating Solution M-5: 

A kneaded dispersion of 135 g of aqueous polyurethane (having a solid proportion of 30% by weight), XW76-P15 
manufactured by Takeda Pharmaceutical Co., 5 g of Co-adhered r Fe 2 0 3 and 4 g of a-alumina (having an average par- 
w tide size of 0.5 jim) was so prepared as to serve as a dispersion. 

Coating Solution 0-1: 

15 



Carnauba wax 


7g 


Toluene 


700 g 


Methylethyl ketone 


300 g 



25 Preparation of Light-sensitive Material: 

The identical photographic emulsion layer to that of Konica Color LV400 color negative film manufactured and mar- 
keted by Konica Corp. was coated, after applying a corona-discharge to the surface coated with sublayer coating solu- 
tion B-2. 

30 Each of the resulting samples was processed in the following manner. 
(Development process) 

35 



1. Color developing 


3min.15sec. 38.0+0.1 °C 


2. Bleaching 


6min.30sec. 38.0±3.0°C 


3. Washing 


3min.15sec. 24-41 °C 


4. Fixing 


6min.30sec. 38.0±3.0°C 


5. Washing 


3min.15sec. 24-41°C 


6. Stabilizing 


3min.15sec. 38.0±3.0°C 


7. Drying 


Not higher than 50°C 



The compositions of the processing solutions used in each process will be given below. 



55 
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(Color developer) 
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5 





4-amino • 3-methyl-N-ethyl-N-(p-hydroxyethyl)aniline • sulfate 


4.75 g 




Anhydrous sodium sulfite 


4.25 g 




Hydroxylamine * V4 sulfate 


2.0 g 


10 


Anhydrous potassium carbonate 


37.5 g 




Sodium bromide 


1.3 g 




Sodium nitrilotriacetate (monohydrate) 


2.5 g 


15 


Potassium hydroxide 


1.0g 




Add water to make 


1 liter 
(pH=10.1) 



20 

(Bleach) 



25 



35 



Ammonium iron (III) ethylenediamine tetraacetate 


100.0 g 


2-ammonium ethylenediamine tetraacetate 


10.0 g 


Ammonium bromide 


150.0 g 


Glacial acetic acid 


10.0 g 


Add water to make 


1 liter 


Adjust pH with aqueous ammonia to be 


pH=6.0 



(Fixer) 

40 





Ammonium thiosulfate 


175.0g 


45 


Anhydrous sodium sulfite 


8.5 g 




Sodium metasutfite 


2.3 g 




Add water to make 


1 liter 


50 


Adjust pH with acetic acid to be 


pH=6.0 
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(Stabilizer) 



Formalin (in an aqueous 37% solution) 
Kbnidux (manufactured by Konica Corp.) 
Add water to make 



1.5 ml 
7.5 ml 
1 liter 



10 



A layer adhesion produced in the dried state before subjecting to processing of the resulting color negative film 
(heretata to as a raw layer adhesion), a layer adhesion produced in the dried state after complying the 

15 T^Z^ner referred to as a dried layer adhesion), and a scratch resistance were evaluated m the followmg 
manners. 

i aypr Arihftsion Evaluation 
20 (Raw & Dried Layer Adhesion) 

vynthasamplebeforestartingthedevelopment thereof, or with a sample dried up after ^ 

thereto 
eona^ 

25 aS moment, the area of the bacK layer peeled off together with the tape was compared to the area pasted wrth the 
tape, and the following five graded evaluation was made. 



30 



35 



40 



45 



Peeled-Off State 

Evaluation grade 5: 
4: 
3 
2 
1 



Not peeled off at all 

0-20% 

21 - 50% 

51-100% 

Not less than 101% 



When the evaluation grade was 4 or more, it can be considered that the subject layer adhesion was strong 
enough for practical use. 

Scratch Resistance 

After allowing the developed sample to stand for 12 hours at 23°C and 55%RH, a sapphire needle having a 25j*m- 
diarnete I was pricked up vertically on the back surface of the sample and thereby the surface was scratched by 
S^a^^s load of 0 to 50 g at a rate of 10 mm/second. The scratched sample was put on a viewing box 

i^ge began to be seen thereon, the withstand .oad strength obtained at that moment 
m!!iSS!S* scratch resistance. The more the value of the strength is. the more the scratch res^tance . excel- 
lent. 



so 
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The results thereof will be shown in Table 1 . 



Table 1 



5 


Sanple 


Backing layer 


Raw layer 


Dried 


Scratch 


Re- 




No. 


1st 
layer 


2nd 
layer 


fcfognetic 
layer 


adhesion 


layer 
adhesion 


resistance 
(in g) 


narks 


10 


1 


B-3 


R-l 


M-l 


5 


4 


A Q 

49 


Inv. 




2 


B-3 


R-2 


M-l 


5 


A 

4 


A O 

48 


Inv. 




3 


B-3 


R-3 


M-l 




b 


bU 


Inv. 


15 


4 


B-3 


R-3 


M-2 


tr 
b 


b 


41 


Inv. 




c 
D 


B-3 


R-3 


M-3 


c 
D 


c 
D 


J>Z 


Inv. 




c 


B-3 


R-3 


M-4 


c 
D 


b 


no 
zo 


Inv. 


20 


I 


B-3 


R-3 


M-5 


b 


c 
D 


lo 


Inv. 




o 
o 


B-3 


R-4 


M-l 


b 


c 
D 


OU 


Inv. 




ft 

y 


B-3 


R-5 


M-l 


z 


1 
1 


ID 


Connp. 


25 


1U 


B-3 


B-4 


M-l 


z 


Z 


1 A 
14* 


Cdnp. 




11 


B-3 


None 


M-l 


j 


.5 




CdTp. 




lz 


B-4 


R-6 


M-l 


b 


ft 


/Q 
flO 


Inv. 


30 


IJ 


B-4 


R-7 


M-l 


b 


b 


bU 


Inv. 




14 


B-4 


R-7 


M-2 


5 


b 


4z 


inv. 




1 IT 

15 


B-4 


R-7 


M-4 


5 


b 


ZO 


inv. 


35 


16 


B-4 


R-7 


M-5 


5 


b 


lz 


iny. 




17 


B-4 


R-8 


M-l 


2 


1 


13 


CCffTp. 




18 


R-7 


R-5 


M-l 


2 


1 


12 


Corp. 


40 


19 


R-7 


B-4 


M-l 


1 


1 


10 


Corp. 


20 


None 


R-6 


M-l 


b 






Inv. 




21 


None 


R-7 


M-l 


5 


5 


47 


Inv. 


45 


22 


None 


R-8 


M-l 


1 


1 


11 


Corp. 


23 


B-4 


None 


M-l 


1 


1 


9 


Corp. 




24 


B-3 


U-l 


M-l 


5 


4 


49 


Inv. 


50 


25 


B-3 


U-2 


M-l 


5 


4 


48 


Inv. 


26 


B-3 


U-3 


M-l 


5 


5 


50 


Inv. 
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Table 1 (continued) 



5 


Sartple 
No. 


Backing layer 


Raw 1 ri\F&T 

adhesion 


Dried 
layer 
adhesion 


Scratch 
resistance 
(in g) 


Re- 
marks 


1st 
layer 


zna 
layer 


Magnetic 
layer 


10 


27 


B-3 


U-4 


M-l 


5 


4 


46 


Inv, 


28 


B-3 


U-5 


M-l 


5 


5 


49 


Inv. 




29 


B-3 


U-5 


M-2 


5 


5 


40 


Inv. 




30 


B-3 


U-5 


M-3 


5 


4 


31 


Inv. 


15 


31 


B-3 


U-5 


M-4 


5 


5 


37 


Inv. 




32 


B-3 


U-5 


M-5 


5 


5 


16 


Inv. 




33 




U-6 


M-l 


2 


2 


13 


Corp. 


20 


34 


B-3 


B-4 


M-l 


2 


1 


12 


Corp. 




35 


B-3 


None 


M-l 


3 


3 


40 


Corp. 




36 


B-4 


U-7 


M-l 


5 


5 


45 


Inv. 


25 


37 


B-4 


U-7 


M-2 


5 


4 


41 


Inv. 




38 


B-4 


U-7 


M-4 


5 


5 


38 


Inv. 




39 


B-4 


U-7 


M-5 


5 


5 


15 


Inv. 


30- > 




















41 


U-7 


U-6 


M-l 


2 


1 


10 


Ccsxp. 




42 


U-7 


B-4 


M-l 


1 


1 


9 


Corp. 


35 


43 


None 


U-7 


M-l 


5 


4 


43 


Inv. 




44 


None 


U-8 


M-l 


1 


1 


10 


Corp. 



Inv.: Invention Comp. : Comparison 
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As can be seen from the results, the constitution of the present invention achieved excellent effects. 
With regard to the magnetic recording layer, it was proved that a coating solution thereof containing an organic sol- 
45 vent led to improved results in scratch resistance. 

Example 2 

Samples were prepared in the same manner as in Sample No. 3 or 26 of Example 1 . except that a polyethylene 
so naphthalate film support was replaced by a 90 nm-thick polyethylene terephthalate (PET) film support, and the resulting 
samples were referred to as Sample Nos. 45 and 46, respectively. Besides the above, another sample was prepared in 
the same manner as in Sample Nos. 3 or 26 of Example 1 , except that a 90fim-thick film of the condensate of tereph- 
thalic acid/naphthalene dicarboxytic acid/adipic acid/5-sulfoisophthalic acid/ethylene glycol (in a proportion of 
20/70/6.5/3.5/100) was used as the support thereof, and the resulting sample were referred to as Sample No. 47 and 

55 48. 

On the other hand, on the back side of a 115ym-thick cellulose triacetate, a coating solution composition for anti- 
static layer use was so coated as to have a dried layer thickness of 0.2 jim. Further thereon, coating solutions of Exam- 
ple 1, M-1 (having a dried layer thickness of 0.8 *im) and 0-1 (having a dried layer thickness of 0.02 jim), were each 
coated. 
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(Coating solution for Antistatic Layer) 

Sixty (60) grams of antimony-doped tin oxide powder, SN-100P manufactured by Ishihara Sangyo Co., 267 g of 
aqueous dispersion B (having a solid proportion of 15% by weight), 250 g of pure water, 100 g of methanol and 50 g of 
s N,N<ii methyl formamide were each dispersed together by making use of a stirrer and a sand-mill. 

To the side of a support for coating an emulsion layer, a sublayer having the following composition was arranged. 

(Solution for coating the sublayer) 

w 



Gelatin 


ig 


Distilled water 


ig 


Acetic acid 


ig 


Methanol 


50g 


Acetone 


50 g 


N,N-dimethyl formamide 


4g 



After completing the coating, each layer was dried at 90°C for 10 seconds. Thereafter, a heat treatment was carried 
25 out at 1 10°C for 2 minutes. Then, the same emulsion layer as in Example 1 was coated on the above-mentioned sub- 
layer. The resulting samples were named Sample Nos. 49 and 50. 

With the resulting samples, the raw layer adhesion, dried layer adhesion and scratch resistance thereof were eval- 
uated in the same manners as in Example 1 . Besides, the perforation process described in JIS K751 9-1 982 was carried 
out thereto and the resulting perforation strength thereof was measured in the following manner. 
30 By making use of Tensilon RTA-100 manufactured by Orientech Co., end portion 3 of a perforation strength meas- 
urement jig was caught by the chuck of Tensilon. The perforation section of a 250 mm-length film was out in sprocket 1 
and the film was let pass. A 100 g-weight was suspended from film-end 2. The other film-end 4 was caught by a chuck 
and was then jerked at a rate of 40 mm/min. The maximum load obtained when breaking the perforations was regarded 
as a perforation strength. 
35 The results thereof will be shown in Table 2. 



Table 2 



40 


Sample No. 


Raw layer adhesion 


Dried layer adhesion 


Scratch resistance (in g) 


Perforation 
strength (in Kg=f) 




3 


5 


5 


50 


17 




45 


5 


5 


46 


14 


45 


47 


5 


5 


41 


10 


49 


4 


3 


18 


7 




26 


5 


5 


50 


17 




46 


5 


5 


47 


14 


50 


48 


5 


5 


42 


10 




50 


4 


3 


16 


7 



55 

As can be seen from Table 2, samples which comprised a polyester support having thereon layer arrangements of 
the present invention were proved to be superior in adhesion and scratch resistance. It is noted that PEN as a support 
was excellent in perforation strength, althogh its thickness (85 \ivn) was the thinnest, so that it is suitable for a small for- 
mat patrons or camera. 
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On the contrary, the use of TAC was proved to be inferior not only in adhesion and scratch strength but also in per- 
foration strength, so that it is not suited for a thin-film and small format. 

Claims 

5 1 A silver halide photographic light-sensitive material comprising a polyester support having on one side thereof a sil- 
ver halide emulsion layer, and on the other side of the support, a layer containing a polyester resin or polyurethane 
resin and further thereon a magnetic recording layer. 

10 2. The silver halide photographic material of claim 1 , wherein said polyester resin or polyurethane resin is contained 
in the form of a solid particle dispersion. 

3 The silver halide photographic material of claim 1 ( wherein said polyester resin is a polyester comprising, as a 
copolymerizing component, a hydrophilic component selected from a component having a sulfonate group, dieth- 
15 ylene glycol and polyalkyiene ether glycol. 

4. The silver halide photographic material of claim 3, wherein said polyester resin is polyester comprising , as copol- 
ymerizing component, an aromatic dicarboxylic acid having a sulfonate group. 

20 5 The silver halide photographic light-sensitive material of claim 1 , comprising a polyester support having on one side 
thereof a silver halide emulsion layer, and on the other side of the support, a layer containing a polyester resin and 
further thereon a magnetic recording layer. 



25 



The silver halide photographic material of claim 1 , wherein said magnetic recording layer contains a cellulose ester 
selected from cellulose diacetate, cellulose acetatebutylate and cellulose acetatepropionate. 

7. The silver halide photographic material of claim 6, wherein said magnetic recording layer contains cellulose diace- 
tate. 

so 8. The silver halide photographic material of claim 1 , wherein said polyester support mainly comprises polyethylene- 
2,6-naphthalate. 

9 The silver halide photographic material of claim 1 , wherein said layer containing the polyester resin or polyurethane 
resin is formed by coating a dispersion of solid particles of the polyester resin or polyurethane resin dispersed in 
35 an aqueous medium. 
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45 



so 
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